at the control visit were significantly (p<0.0001) lower than those at baseline. A similar change was observed in a subgroup of patients never treated with glucocorticosteroids or disease modifying antirheumatic drugs. Three non-Hodgkin's lymphomas were diagnosed (standardised incidence ratio 13; 95% confidence interval 2.7 to 38). In a logistic regression model, the patients with pSS with subsequent lymphoma were found to have higher baseline levels of serum 2 microglobulin than the others (odds ratio 1.9; 95% confidence interval 1.1 to 3.4). Conclusion-The results suggest that mean concentrations of serum IgG and IgM in patients with pSS decline with time, possibly reflecting diminishing inflammatory activity. As in previous studies, the incidence of non-Hodgkin's lymphomas in this cohort of patients with pSS was significantly higher than in the reference population.
1
An increased risk of malignant lymphomas, especially of non-Hodgkin's type (NHL), was already clearly shown in the 1960s to be associated with SS. 2 Subsequently, an epidemiological study showed the relative risk of developing malignant lymphoma in association with SS to be about 44 times higher than in the normal population. 3 More recently, it has been suggested that the increased risk of lymphoma is particularly associated with primary SS (pSS). 4 The lymphoma risk has been associated especially with extraglandular manifestations of SS such as lymphadenopathy, splenomegaly, parotid swellings, pulmonary infiltrates, renal insuYciency, hypergammaglobulinaemic purpura, leucopenia, and raised levels of serum 2 microglobulin ( 2 m). 5 Results to the contrary have also been reported. 4 Recent observations in a follow up study of Finnish patients with sicca symptoms showed that, in a median follow up time of 11 years, none of the 87 patients had developed lymphoma, although 36% fulfilled the criteria for possible or definite SS by the time of the follow up. 6 In this study, we evaluated the outcome of Finnish patients with clearly established pSS. We determined possible changes in clinical and immunological findings over time, causes of death, and the incidence of lymphoproliferative disorders, as well as factors possibly predictive of or associated with lymphoproliferation among a cohort of patients with pSS.
Patients and methods

SELECTION OF PATIENTS
The records of all 408 patients with sicca symptoms initially examined in the Department of Internal Medicine, Section of Rheumatology, at Tampere University Hospital, Finland, during the years 1977-1992 were reviewed. A total of 110 patients (107 women, three men) fulfilled three (56%) or more (44%) modified 6 Californian criteria for pSS 7 and comprised the study cohort. These 110 patients also fulfilled at least four of the European criteria for pSS 8 and 77 of them (70%) had a focus score of >1 on labial salivary gland biopsy. Seventeen of them had died by the time of the control examinations (years 1994-1997) . Baseline clinical and laboratory data (from the year of SS diagnosis in each case) on all 110 patients were collected from patient records. The 93 patients still living were invited by letter to an interview and clinical and laboratory examinations at the hospital. Eighty one of them (87%) attended (six patients after a second invitation). In the case of the 12 non-attending patients and those who had died, follow up data comprised the clinical and laboratory findings from the most recent visit to the rheumatological outpatient clinic. The mean (SD) age of the 110 patients was 62 (13) years at the most recent visit. The median duration of sicca symptoms in the eyes was at that time 10 years (range 0-41), and that of xerostomia 11 years (range 0-40). The median duration from the time of diagnosis of SS to the most recent visit was nine years (range 0.1-18).
METHODS
The clinical examination included a thorough interview of the patients about family history, previous diseases, previous and current drug treatments, drug allergies, duration of sicca symptoms, first manifestation of SS, existence of recurrent parotid or submandibular gland swellings, and present sicca symptoms in the eyes and mouth. Special attention was focused on possible non-exocrine organ symptoms of SS (dermatological, endocrine, gastrointestinal, lymphoproliferative, musculoskeletal, neurological, renal, respiratory, and vascular). Purpura was defined as a history of typical episodic palpable purpura lesions in the lower limbs or skin biopsy. The diagnosis of coeliac disease was based on small bowel biopsy performed when clinically indicated. The diagnosis of primary biliary cirrhosis relied on liver histological examination with clinical indications. Enlargement of the liver or spleen was confirmed by ultrasound. Lymphadenopathy was defined as lymph node enlargement so persistent as to indicate a nodal biopsy in the opinion of the caring clinician. Arthritis was defined as articular swelling observed by a clinician. Myositis was diagnosed only if histological findings consistent with inflammation had been found on muscle biopsy. Peripheral and central neurological symptoms were recorded from the history given by the patients as well as from data from case histories. The diagnosis of pulmonary fibrosis was based on findings on chest radiographs.
The standard laboratory tests included whole blood count, erythrocyte sedimentation rate (ESR), serum total protein, serum creatinine, serum alanine aminotransferase, and serum alkaline phosphatase. Rheumatoid factor was determined by the Waaler-Rose agglutination test (at baseline) and by laser nephelometry (at follow up). Antinuclear antibodies were determined by indirect immunofluorescence on multiblock cryostat sections comprising rat liver and mouse kidney, heart and stomach (at baseline), and with Hep-2 cells (at follow up). Antibodies to extractable nuclear antigens, including antiribonucleoprotein, anti-Sm, anti-SSA, anti-SSB, and anti-Scl70, were measured by enzyme immunoassay (follow up). Serum concentrations of immunoglobulins (IgA, IgG, and IgM), as well as serum complement levels (C3 and C4), were measured by laser nephelometry. Serum 2 m was determined by radioimmunoassay (Pharmacia micro-RIA kit; Pharmacia Diagnostics, Uppsala, Sweden; reference values 1.0-2.5 mg/l).
The incidence of malignant diseases in the patients from the time of SS diagnosis up to the end of 1996 was assessed from the files of the Finnish Cancer Registry. The total number of person years at follow up was 1015. The observed incidence of malignant diseases was compared with that expected in the age and sex matched population from the same University Hospital district, the reference rates also being calculated from the files of the Finnish Cancer Registry. The dates and causes of death of the patients with pSS were assessed from the time of SS diagnosis up to the end of 1996 through Statistics Finland. Comparisons between diVerent patient groups were performed by Mann-Whitney U test and Fisher's exact two tailed test for continuous and dichotomous variables respectively. Logistic regression analysis by the backward stepwise method was applied to analyse risk factors for lymphoma development. The relative risk of malignant disease is presented using the observed to expected ratio-that is, the standardised incidence ratio (SIR)-with 95% confidence intervals (95% CI). The standardised mortality ratio was calculated as the ratio of the observed mortality in the cohort to data from Statistics Finland on the expected mortality in the Finnish general population of the same age, sex, and time. Table 1 presents the cumulative clinical characteristics and associated diseases in the 110 patients by the time of the latest visit. At the time of the latest visit, eight of the 110 patients (7%) were using a disease modifying antirheumatic drug (DMARD): hydroxychloroquine in four, sulfasalazine in one, and azathioprine in one patient with articular 
Results
CLINICAL CHARACTERISTICS OF THE PATIENTS AND ASSOCIATED DISEASES
COMPARISON OF THE GLANDULAR AND IMMUNOSEROLOGICAL FINDINGS AT BASELINE AND CONTROL EXAMINATIONS
There were no significant diVerences in the incidence of dry eyes (77% v 72%) or mouth (94% v 88%) in the patients, or of recurrent parotid or submandibular gland swellings (39% v 46%) between baseline and control examinations. Compared with baseline levels, there were no statistically significant diVerences in the follow up levels of blood haemoglobin, leucocytes, thrombocytes, serum alanine aminotransferase, serum alkaline phosphatase, or serum creatinine. Mean blood ESR at follow up was significantly lower than at baseline (33 (22) v 45 (28) mm/1st h, p<0.0001). The follow up concentrations of serum protein (77 (9) v 79 (7) g/l, p=0.024), serum IgG (18.8 (7.4) v 22.5 (8.5) g/l, p<0.0001), and serum IgM (1.6 (1.1) v 2.0 (1.2) g/l, p<0.0001) were also significantly lower than those at baseline (table 2) . The changes in these variables could not be attributed to treatment alone. In a subgroup of patients who had never received either glucocorticosteroid treatment or DMARDs (n=38), the mean follow up ESRs (37 (24) v 42 (24) mm/1st h, p=0.126, n=37), serum IgG (20.4 (7.6) v 23.4 (8.9) g/l, p=0.003, n=35), and serum IgM (1.6 (0.6) v 2.1 (1.0) g/l, p=0.014, n=35) were significantly lower than those at baseline.
SIR FOR LYMPHOPROLIFERATIVE DISORDERS AND OTHER MALIGNANCIES
By the end of 1996, three NHLs had developed in the 110 patients with pSS compared with 0.23 expected. The SIR of NHL in the whole cohort (men and women included) was thus 13 (95% CI 2.7 to 38). One case of myeloma was noted by the end of 1996; the expected number was 0.12, and SIR was thus 8.3 (95% CI 0.2 to 48). No cases of Hodgkin's disease were observed. The observed number of malignancies was not on the whole increased in this patient cohort: eight cases were observed and 7.1 expected; SIR 1.1 (95% CI 0.5 to 2.2). Table 3 presents the clinical, laboratory, and histological features in the patients with NHL (nos 1-3) . One further patient (no 4) clinically had a picture of a lymphoproliferative disorder (a palpable abdominal mass, enlarged lymph nodes, and weight loss, as well as the highest serum 2 m levels in the whole patient cohort; 8.0-12.4 mg/l). She died before the diagnostic examinations had been completed, and no autopsy was performed. Because of missing histological data, this case was not regarded in the analysis as a lymphoma case.
COMPARISONS OF THE BASELINE FINDINGS IN PATIENTS WITH NHL WITH THE REMAINDER
The patients with pSS who developed lymphoproliferative diseases did not diVer from the others with respect to baseline haemoglobin, leucocyte, thrombocyte, serum alanine aminotransferase, serum alkaline phosphatase, or serum creatinine levels. The mean concentrations of serum IgA In logistic regression analysis including baseline serum IgA, IgG, IgM, and 2 m concentrations, as well as the baseline age in the model, serum 2 m proved to be a significant predictor of lymphoma development in patients with pSS (OR 1.9; 95% CI 1.1 to 3.4; p=0.031).
The incidence of baseline clinical glandular findings such as dry eyes or mouth did not differ significantly between patients with subsequent lymphoma and those without (100% v 77% and 100% v 94% respectively), nor did the incidence of a history of salivary gland swellings at baseline (33% v 39%). There were no significant diVerences in the incidence of abnormal results in baseline Schirmer (100% v 84%) or Rose-Bengal tests (50% v 86%) nor in the histological grades in sublabial salivary gland biopsies in those with subsequent lymphoma and the rest (100% v 71% with more than grade 3 histology on the ChisholmMason scale 9 ).
SMR AND CAUSES OF DEATH
All deceased patients in this pSS cohort were women. The standardised mortality ratio for female patients here was slightly increased (1.2). The observed number of deaths was 17 and that expected in an age, sex, and time matched general Finnish population was 14. Table 4 presents the causes of death in the 17 patients with pSS. The expected number of deaths of male patients was 0.4.
Discussion
The proportion of our patients attending the interview and clinical and laboratory examinations was high (87%), and, as all remaining patients had also visited our outpatient clinic for regular check ups, we consider that clinical and laboratory data on these patients could also be obtained fairly reliably.
The clinical characteristics and occurrence of non-exocrine organ features in our patients with pSS are in fair accord with previous findings. [10] [11] [12] [13] [14] In the course of time, ESR and the concentrations of serum IgG and IgM were found to decrease in our patients with pSS. Previously, a fall in levels of serum globulins, especially IgM and autoantibodies, has been found to accompany or precede the onset of lymphoid malignancies in patients with SS. 5 15 In our study, a decrease in serum IgG and IgM concentrations was observed in the whole patient group and not confined to the patients with lymphoma. A significant decrease in serum IgG and IgM and ESR has previously been found in patients with pSS during treatment with hydroxychloroquine compared with placebo. 16 In our study, this change could not be attributed to treatment alone, as it also occurred in patients who had never been treated with either glucocorticosteroids or DMARDs.
An age related increase in serum IgA and IgG concentrations has been shown in several studies of healthy populations. [17] [18] [19] [20] In an earlier follow up study of patients with SS, 1 including 21 with pSS, a decrease in mean serum IgG concentration was noted, as in the present study. In that study, however, no statistically significant diVerences in the concentrations of serum IgM or IgA or ESR were found during the follow up. 1 Whether the decline over time observed here in serum IgG and IgM concentrations in patients with pSS reflects a risk of developing lymphoid malignancies, as previously suggested, 5 15 or is caused merely by the diminishing inflammatory activity of pSS remains to be elucidated. The observed increase over time in mean C3 concentrations in patients with pSS would favour the latter. Furthermore, in one of our three patients with subsequent lymphoma, a decrease in serum immunoglobulins was not observed over time.
In this study, the proportion of patients with positive rheumatoid factor and antinuclear antibodies was significantly higher at follow up than at baseline. However, it is possible that, in addition to increasing age, the use of more sensitive methods of determination may have contributed to these results.
In accord with previous studies, 1-5 11-14 21-24 an increased risk of NHL in patients with SS was observed here. It has been suggested that malignant lymphomas are more common in pSS than in secondary SS. 4 In an epidemiological cohort study of 676 patients with pSS, 709 with secondary SS, and 9469 with rheumatoid arthritis identified from the Finnish national hospital discharge register, the SIR of NHL was found to be 8.7, 4.5, and 2.2 respectively. 22 The present study dealt specifically with patients with pSS, and the risk of NHL was clearly higher than that in the general population of the same age, sex, and region. As in the study by Kassan and colleagues, 3 the incidence of malignancies other than lymphoid was not increased.
A spectrum of lymphoproliferative disorders has been described in association with SS, [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] but most of the lymphomas complicating the course of SS are derived from B lymphocytes. 25 Three of our patients developed NHL, one of them being an ileal T cell lymphoma, a form unusual in SS. [26] [27] [28] [29] [30] There are few identified prognostic markers for the development of lymphoma in SS. Usually, patients with SS who develop lymphoid neoplasms have had severe sicca syndrome with many of its complications. 35 36 These observations could not be confirmed by McCurley et al. 4 In a recent European multicentre study, lymphadenopathy, skin vasculitis, peripheral nerve involvement, low grade fever, anaemia, and lymphopenia were observed more often in SS patients with NHL than in those without. 37 Like in that study, our patients who developed lymphoma had several non-exocrine organ features of SS, as shown in table 3. However, no statistically significant diVerences were observed in clinical characteristics at baseline, at least the glandular findings, compared with other patients.
In addition to non-exocrine manifestations of pSS, 23 35-37 mixed monoclonal cryoglobulinaemia 24 38 and monoclonal rheumatoid factor associated cross reactive idiotypes 38 have been identified as factors predictive of lymphoma development in patients with pSS. Molecular analysis of the labial salivary glands has suggested that identification of B cell monotypia is predictive of the development of lymphoma elsewhere. 39 In our study, the number of patients with malignant lymphoproliferation was small; nevertheless, those with subsequent lymphoma had higher baseline IgA, IgM, and 2 m levels than those without.
Raised levels of serum 2 m have previously resulted from renal 40 41 and lymphoproliferative 40 complications of SS. We have previously found raised serum 2 m and IgG levels to be predictive of the development of SS in patients with sicca symptoms. 6 In the present study, high serum 2 m was found to be an independent predictive factor for lymphoma development in patients with pSS.
Hitherto, only one population based cohort study on survivorship in SS 42 has been published; patients with pSS were not found to have increased mortality. The standardised mortality ratio for female patients with pSS in our cohort was likewise only slightly increased compared with that of the general population.
In conclusion, in this follow up study of patients with pSS, declining levels of serum IgM and IgG were found not to be restricted to patients who developed lymphoid malignancy, as previously suggested, 5 15 but were encountered in the whole patient cohort. This tendency was not explained by treatment. The increased risk of NHL in patients with pSS was confirmed in this study as elsewhere. 2 3 The patients with pSS with subsequent lymphoma development had higher baseline serum 2 m levels than the others. Thus, the possibility of subsequent malignant lymphoproliferation should be considered, especially in patients with raised baseline serum 2 m concentrations. 
